Background: Diabetic nephropathy (DN) is the foremost cause of morbidity and has become the most recurrent cause of end-stage renal disease among diabetic patients. Thus, agents having antidiabetic effect along with safety potential in the kidneys would have a higher remedial value. Objective: The present study aimed to investigate possible protective effect of homeopathic preparation of Cephalandra indica Mother tincture, 6C and 30 C potencies on DN in Wistar rats. Materials and methods: DN was induced by intraperitoneal injection of STZ (60 mg/kg) 15 min after Nicotinamide (230 mg/kg, i.p.) administration. Rats were divided into six groups (n ¼ 6). Group 1 and 2 was kept normal control and diabetic control respectively whereas Groups 3e5 consist of diabetic nephropathy rats treated with different doses of C. indica Mother tincture, 6C and 30 C potencies for 45 days. Glimepride (10 mg/kg) was used as standard. DN was assessed by determining serum glucose, urea, uric acid, creatinine level and tissue histological examination. Tissue antioxidant enzymes (SOD, GSH, LPO) level was measured to assess the oxidative stress. Also, the level of advanced glycation end products in kidney was determined. Results: Mother tincture, 6C and 30 C potencies of C. indica produced significant attenuation in the biochemical parameters used to assess diabetic nephropathy. Moreover, oxidative stress and AGE's level in kidney was also found to be significantly reduced. Conclusion: We conclude that Mother tincture, 6C and 30 C potencies of C. indica confers protective effect against diabetic nephropathy via inhibition of Oxidative stress and AGE's.
Introduction
Cephalandra indica belongs to family Cucurbitaceae, also known as Kundru in Hindi and Ivy Gourd in English, is a perennial climbing herb with tuberous roots that grows in the wild in abundance in major parts of India. The plant has been used since ancient times for treating diabetes mellitus according to the science of Ayurveda.C.indica has been reported to have an insulin stimulating effect on b cells [1] . The usefulness of C. indica for diabetes mellitus in mother tincture in Homeopathy has also been documented through case reports [2] . A study conducted by Central Council for Research in Homoeopathy on Albino rat model showed pancreatic b cell-regeneration with the mother tincture of C. indica [3] . The plant also has been reported as many reported scientific values as antidiabetic medicine [4, 5] . Fresh juice of roots is used to treat diabetes; tincture of leaves is used to treat gonorrhea, paste of leaves is applied to the skin diseases. Various phytoconstituents reported in C. indica are cephalandrol, tritriacontane, lupeol, b-sitosterol, cephalandrine A, cephalandrine B, stigma-7-en-3-one, taraxerone and taraxerol. Terpenoids are found to be responsible for antidiabetic activity. Dried bark is a good cathartic. Leaves and stem are antispasmodic and expectorant. The fleshy green fruit is very bitter. Green fruit is chewed to cure sores on the tongue [6, 7] .
Diabetic complications are now a global health problem and the foremost cause of morbidity and mortality in diabetic patients without effective therapeutic approach. Diabetic nephropathy (DN) is a common and a major complication in both type 1 and 2 diabetes mellitus [8e10] and a prominent cause of end stage renal disease (ESRD) worldwide. Progression of DN is characterized by renal structural abnormalities, including glomerular hypertrophy, mesangial matrix expansion, thickening of tubular glomerular basement membrane and occurrence of pathological values of urine albumin, creatinine and protein excretion, and abnormal glomerular filtration rate (GFR) [11, 12] .
Oxidative stress is the prompt and serious event caused by an imbalance between the production of reactive oxygen species (ROS) and a biological system's ability to detoxify the reactive intermediates or restore the resulting destruction [13e15]. The principal effect of oxidative stress is the production of ROS, which includes free radicals. These free radicals attack polyunsaturated fatty acids and cause their oxidation in physiological systems (lipid peroxidation). By-products of lipid peroxidation such as conjugated dienes and malondialdehyde (MDA) are increased in the patients with obesity, metabolic syndrome and type 2 diabetes mellitus (T2DM) [16, 17] . These consequences of oxidative stress can uphold the development of complications of diabetes mellitus [18] .
The process of diluting and vigorous shaking of the remedies known as potentization in Homeopathy is believed to often render the remedy more potent in terms of clinical response. In homeopathic potentization procedure, the mother tincture (e.g. original extract of the plant if the drug is derived from the plant) is generally diluted with 99 ml of rectified spirit (90% ethyl alcohol) and given 10 'successions' or 'jerks' to produce the potency 1 C. Similarly, 1 ml of the drug solution at potency 1 C is again added with 99 ml of 90% ethanol and 10 jerks given to produce the potency 2 C and in this way by successive dilutions and successions, further potencies like 6 C, 30 C, 200 C and beyond are produced. Therefore, at high dilutions, say beyond potency 12 C (i.e. beyond Avogadro's limit, i.e. 10e23) the solution is unlikely to contain even a single molecule of the original drug material (i.e. the mother tincture).
Considering the literature gap in exploring the therapeutic potential, the present study was carried out to investigate beneficial effects of homeopathic preparation (mother tincture, 6 C and 30 C potencies) of C. indica in diabetic nephropathy.
Materials and methods

Chemicals
Streptozotocin (STZ) was obtained from Sigma Aldrich, USA and Nicotinamide from Finar, India Ltd. and diagnostic kits for the biochemical estimations were obtained from Reckon Diagnostics Pvt. Ltd., India. Mother tincture, 6 C and 30 C potencies of C. indica was procured from Dr. Willmar Schwabe, India Pvt. Ltd. All the other chemicals used were of analytical grade.
Experimental design and animals
Male Wistar rats (260e280 g) were obtained from Central Animal Facility, NIPER, Mohali and kept under standard conditions (24 ± 2 C, relative humidity 45 ± 5% and 12 h light/dark cycle). The animals were fed with standard pellet diet (Ashirwad Industries, Mohali, Punjab, India) and water ad libitum. The experimental protocol was approved by the Institutional Animal Ethics Committee (IAEC no. MMCP/IAEC/13/07) and by the regulatory body of the Government (Reg. No. 585/05/A/CPCSEA).
Diabetes mellitus was induced by single intraperitoneal injection of freshly prepared STZ (single dose of 65 mg/kg) in 0.1 M citrate buffers (pH 4.5) 15 min after nicotinamide (230 mg/kg, i.p.). Seven days after STZ administration, blood was withdrawn from retro-orbital plexus of rats under mild anesthesia to determine fasting blood glucose level. Rats with fasting blood glucose level 330e380 mg/dL were selected for the study. Diabetic nephropathy symptoms typically develop after 30e45 days. At the end of 30 days, the levels of serum urea, uric acid, creatinine and BUN (Blood Urea Nitrogen) were significantly high suggesting development of diabetic nephropathy.
Animals were divided into six groups consisting of six rats each. Group 1 was normal control; Group 2 was diabetic nephropathy control; Group 3 to 5 consisted diabetic nephropathy rats receiving 2 ml/kg of C. indica Mother tincture, 6 C and 30 C; Group 6 consisted of diabetic nephropathy rats receiving 10 mg/kg Glimepride. All the doses were administered orally. Doses were selected on the basis of previous studies on homeopathic preparations [19] . Gymnema sylvestre Mother tincture, 6 C and 30 C were diluted 5 times with double distilled water and then administered in divided doses thrice daily (six hourly; at 6 a.m., 12 noon and 6 p.m.).
Blood glucose level and body weight were estimated on 30th, 45th, 60th and 75th day of STZ induction. All biochemical estimations was carried out using commercially available kits of Reckon Diagnostics Pvt. Ltd. Animals were sacrificed at the end of the study and liver, kidney and pancreas were removed and stored at À70 C until use for histopathological and biochemical studies.
Body weight of each animal was measured at the start of study and animals with similar weight range were chosen and grouped. Body weight of each group was measured periodically till the end of the study. Fasting blood glucose level was estimated at interval of 15 days by using commercial enzymatic kits purchased from Reckon Diagnostics Pvt. Ltd. India throughout the study. Plasma insulin was determined using Insulin ELISA kit (DRG, Germany) in blood collected into tubes with anticoagulant. Serum total cholesterol (TC), triglycerides (TG), low density lipoproteins (LDL), very low density lipoproteins (VLDL) and high density lipoproteins (HDL) were measured by the commercial enzymatic kits purchased from Reckon Diagnostics Pvt. Ltd. India. Serum creatinine, urea and uric acid were measured by using commercial enzymatic kits purchased from Reckon Diagnostics Pvt. Ltd. India. Kidney homogenate was used to estimate thiobarbituric acid reactive substances (TBARS) [20] and level of antioxidant enzymes, viz. superoxide dismutase (SOD) and reduced glutathione (GSH) [21] .
AGEs estimation in kidneys
AGEs levels in the kidneys were determined by a method as previously described by Ref. [22] . Perfused kidneys were homogenized in 2 mL of 0.25 M sucrose followed by centrifugation at 900 g at 5 C and the supernatant was separated. The pellet was re suspended in 2 mL sucrose solution and centrifuged and the supernatant obtained was mixed with the previous one. The proteins present were precipitated by adding equal volume of trichloroacetic acid (TCA). Following centrifugation at 4 C with 900 g, the protein pellet obtained was mixed with 1 mL methanol twice to remove the lipid fraction. The insoluble protein, after washing with 10% cooled TCA was centrifuged and the residue was solubilized in 1 ml of 1 N NaOH and the protein concentration was estimated by measuring the absorbance at 280 nm against BSA standard curve. The AGEs content was then measured fluorometrically with an emission at 440 nm and excitation at 370 nm, and the results were expressed as relative fluorescence units (RFU)/mg protein.
Histopathology
Kidney was harvested from the animals and fixed in 10% neutral buffered formalin solution, dehydrated in ethanol and embedded in paraffin. Sections of 5 mm thickness were prepared using a rotary microtome and stained with hematoxylin and eosin (H & E) dye for histopathological examination.
Statistical analysis
Statistical analysis was performed using Graphpad Prism 6. Values were expressed as mean ± SEM and one-way analysis of variance (ANOVA) was used for statistical analysis. ANOVA was followed by Tukey's as post hoc multiple comparison test. The results were considered significant if p 0.05.
Results
Effect of C. indica on body weight
Body weight of diabetic nephropathy control rats decreased by 44.09% at end of study as compared to the initial body weight.
Administration of C. indica MT, 6 C and 30 C increased the body weight significantly by 5.31, 11.16 and 17.96% respectively. Glimepride also increased the body weight by 18.34% in diabetic nephropathy rats (Fig. 1). 
Effect of C. indica on blood glucose and serum insulin level
Fasting blood glucose level of all animals was within the normal range initially and STZ induction increased blood glucose level significantly with time in respect to control group. A significant Fig. 1 . Effect of C. indica on body weight (gms)in diabetic-nephropathy Wistar rats. Each group (n ¼ 6) represents Mean± SEM. Data was analyzed by using One way ANOVA followed by Tukey's multiple test; a vs control; b vs Diabetic control; c vs Cephalendra Mother tincture; d vs Cephalendra 6C; e vs Standard. *p < 0.001, #p< 0.01, yp < 0.05. Fig. 2 . Effect of C. indica on fasting blood glucose level (mg/dL) in diabetic-nephropathy Wistar rats. Each group (n ¼ 6) represents Mean ± SEM. Data was analyzed by using One way ANOVA followed by Tukey's multiple test; a vs control; b vs Diabetic control; c vs Cephalendra Mother tincture; d vs Cephalendra 6 C; e vs Standard. * p < 0.001, #p < 0.01, yp < 0.05. reduction in fasting blood glucose level was observed in diabetic nephropathy rats treated with C. indica MT, 6 C and 30 C from 427.67 to 255.81 mg/dl, 436.17 to 207.49 and 432.73 to 152.56 mg/ dL respectively at the end of study (Fig. 2) . A significant decrease in fasting insulin level (7.04 ± 0.21 mIU/ml) was observed in STZtreated diabetic nephropathy rats in comparison to normal control rats (15.13 ± 0.13 mIU/mL). Administration of C. indica MT, 6 C and 30 C for 30 days produced significant increase in serum insulin level (Fig. 3) .
Effect of C. indica on renal function
In diabetic nephropathy control rats a significant increase in urea (97.96 mg/dl), uric acid (16.04 mg/dl) and creatinine (4.11 mg/dl) levels was observed in STZ induced diabetic nephropathy rats over the period of study. Treatment from C. indica MT, 6 C and 30 C produced the effect in accordance with the dilutions, i.e. higher the dilution more was the effect observed (Table 1) .
Effect of C. indica on lipid profile
After 30 days of STZ induction, Serum total cholesterol (TC), triglyceride (TG), low density lipoproteins (LDL) and very low density lipoproteins (VLDL) significantly increased in diabetic nephropathy rats. At 75th day of study C. indica MT, 6 C and 30 C and Glimepride ameliorating TC level by 37.15, 49.01, 53.80 and 59.52% respectively. TG levels were reduced by 24.83, 39.47, 49.00 and 55.06% with administration of C. indica MT, 6 C, 30 C and Glimepride respectively. Similarly levels of LDL and VLDL were also reduced significantly by administration of C. indica MT, 6 C and 30 C and Glimepride in diabetic nephropathy rats. HDL-c significantly decreased in diabetic nephropathy rats and the treatment with C. indica MT, 6 C and 30 C and Glimepride significantly increased the level of HDL-c (Table 2) .
Effect of C. indica on antioxidant enzymes and lipid peroxidation
The levels of reduced glutathione (GSH) and superoxide dismutase (SOD) was found significantly high after 30 days of STZ induction in diabetic nephropathy animals as compare to normal control group. Continuous administration of C. indica MT, 6 C and 30 C and Glimepride significantly reduced the levels at end of study i.e. at 75th day.
Moreover, the level of TBARS, marker of lipid peroxidation, significantly increases in the STZ-induced diabetic nephropathy rats. But, treatment with C. indica MT, 6 C and 30 C and Glimepride significantly reduced the level of TBARS by the end of the study (Table 3 ).
Effect of C. indica on AGEs in kidneys
Induction of DN in rats led to a significant increase in kidney AGEs levels when compared to normal animals. Administration of C. indica MT, 6 C and 30 C significantly reduced the AGEs levels in kidneys when compared to control group. However, administration of Glimepride (10 mg/kg) also produced significant change (p < 0.05) in AGEs levels when compared to control group (Fig. 3) .
Histopathology
The renal tissue of diabetic rats showed glomeruli with mesangio capillary proliferation. Administration of STZ produced significant structural changes in the nephron. Treatment with C. indica significantly improved the structural changes in kidney (Fig. 4) .
Discussion
Diabetes is a multifactorial disease that has a considerable adverse impact on health. In support of management of diabetes as well as of complications related to it [23e26]. There is urgent need of critical pharmacological research to establish new agents with high therapeutic value and fewer side effects. Nowadays, herbal drugs are gaining popularity in the treatment of diabetes and its related complications. Therefore, we have made an attempt to Fig. 3 . Effect of C. indica on fasting serum insulin level (mIU/ml) in diabeticnephropathy Wistar rats. Each group (n ¼ 6) represents Mean ± SEM. Data was analyzed by using One-way ANOVA followed by Tukey's multiple test; a vs control; b vs Diabetic control; c vs Cephalendra Mother tincture; d vs Cephalendra 6 C; e vs Standard. * p < 0.001, #p < 0.01, yp < 0.05. investigate potential of C. indica (homeopathic preparation) in management of diabetic nephropathy (see Fig. 5 ). So far, there are many types of methods that can be used for the establishment of the diabetic animal model. In the present study, diabetic nephropathy was induced by chemical drugs STZ. STZ, a cytotoxic glucose analog, is the most prominent diabetogenic chemicals in diabetes research [27e29]. Because of its structural features, STZ gets selective entry into the b-cells of the islets of Langerhans via the low affinity glucose transporter GLUT-2 in its plasma membrane and causes destruction of b-cells, which leads to a reduction in insulin release, which in turn results in a rise in blood glucose concentration, i.e. hyperglycemia [30] and chronic hyperglycemia has been considered to be the precondition for development of diabetic complications [31e33]. NAD is an antioxidant which exerts protective effect on the cytotoxic action of STZ by scavenging free radicals and causes only minor damage to pancreatic b-cell mass producing type 2 diabetes. STZ and NAD provide good opportunity to investigate diabetes in much closely similar pathophysiological situation as in humans [34] . The earliest clinical manifestation for incipient diabetic nephropathy is the development of the persistent microalbuminuria (urinary albumin excretion rate; 20e200 mg/min). In type 2 diabetes, if no treatment is initiated, up to 20e40% of patients will progress to overt albuminuria and 20% of those with overt albuminuria will develop ESRD over the next 20 years [35] .
Diabetic nephropathy is characterized by a series of renal structure abnormality including glomerular basement membrane thickening, mesangial expansion, glomerulosclerosis and tubulointerstitial fibrosis, podocytes and renal cell death, increased albuminuria, glomerular hypertrophy, creatinine and protein excretion, and abnormal glomerular filtration rate (GFR) and renal dysfunction [36] .
Administration of STZ resulted in increase in blood glucose level of experimental animals. Oral administration of homeopathic preparation of C. indica (MT, 6 C and 30 C) treatment restored the blood glucose level to significant extent. Due to hyperglycemia, the catabolic reactions increases, leading to muscle wasting and ultimately results to reduction in body weight [37] . Oral administration of C. indica improved the body weight in diabetic rats. Hyperglycemia is accompanied with abnormalities in the lipoprotein metabolism therefore leads to increase in TC, TG, LDL, VLDL and decrease in HDL levels which is attributable to excess mobilization of fat from the adipose due to under peripheral utilization of glucose [38] . The results revealed that in diabetic rats levels of TC, TG, LDL, VLDL levels were significantly decreased and HDL level was increased with dosage intervention of C. indica as compared to diabetic control.
Increased urea, uric acid and creatinine levels are indications of the development of diabetic nephropathy in diabetic rats [39e41] . In the present study, these biochemical variables were found be high in diabetic rats as compared to the normal rats. With treatment by homeopathic preparation of C. indica, these variables were found to be closer to those of normal rats and were high in the diabetic controls. These results suggest that C. indica plays a role, either directly or indirectly, in providing protection against diabetic nephropathy or delay in its development. Oxidative stress and hyperglycemia are interlinked factors which plays important role in onset of diabetes. Hyperglycemia is the single most important factor in the generation of early and sustained oxidative stress [33] . GSH and SOD (antioxidant enzyme) have long been reported to protect rats against the development of diabetes [42, 43] . GSH and SOD enzymes were depleted in diabetic rats as compared to non-diabetic rats. The increase in thiobarbituric acid-reactive substances (TBARS), an index of lipid peroxidation in the diabetic rats might be due to increased levels of oxygen free radicals. In the present study, homeopathic preparation of C. indica administration lead to decrease TBARS level and increase GSH and SOD in kidney due to its potential antioxidant activity.
AGEs are a group of heterogeneous compounds formed from the non-enzymatic glycation of proteins, lipids and nucleic acid and are known to contribute to diabetes, insulin resistance etc. AGEs induce direct injury to the mesangial cells leading to mesangial expansion and basement membrane thickening [44, 45] Therefore, inhibition of AGEs formation could be crucial therapeutic approach for management of diabetic nephropathy. The present study demonstrates that C. indica MT, 6 C and 30 C exhibits potential inhibitory effect against the formation of AGEs.
Histopathological observations in the present study showed glomeruli with mesangio capillary proliferation in kidney of diabetic rats along with amelioration of hemodynamic parameters of kidney due to increased formation of AGEs. C. indica MT, 6 C and 30 C administered diabetic nephropathy rats showed amelioration in structural improvement in kidney of diabetic rats. The antioxidant activity of C. indica might play a significant role in the recovery of damaged cells of kidney which in turn may be due to the presence of flavonoid and phenolic compounds in C. indica.
Conclusion
We conclude that homeopathic preparation of C. indica has potential to attenuate diabetic nephropathy in STZ induced diabetic rats. The different potencies (MT, 6 C, 30 C) of C. indica exerts its beneficial effects by the reducing FBG, improvement in lipid profile and renal functions, restoration of antioxidant enzymes and inhibition of AGEs formation in kidney. However, further histopathological and biochemical studies are needed to elucidate the exact mechanism of action of C. indica in diabetic nephropathic rats.
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